Two new 1D polymeric heterometallic copper-vanadium compounds were prepared. The polymers are constructed from [Cu(im) 4 ] 2+ cations that are coordinated to two terminal oxido ligands of [V 2 O 4 (mand) 2 ] 2− anions. The stronger coordination in [Cu(im) 4 V 2 O 4 (mand) 2 ] n (1) that contains the racemic mandelato ligand is manifested by a shorter Cu-O bond distance 2.4095(12) Å, while the weaker interaction in [Cu(im) 4 (V 2 O 4 ((S)-mand) 2 )] n ·2nH 2 O (2) is exhibited by Cu-O bond distances 2.4547(16) Å and 2.5413(16) Å. The vanadate anion in compound 2 carries only the (S)-enantiomer of the initial mandelic acid and differs from the anion in 1 in parallel cis orientation of the phenyl groups of the mandelato ligand. FT-IR spectroscopy was used for the confirmation of the coordination mode of mandelato ligand. Strong bands corresponding to the vibrations of carboxyl groups can be observed around 1650 and at 1344 cm −1 . The stretching vibration of deprotonated hydroxyl group in the mandelato ligand occurs at 1045 and 1065 cm −1 for 1 and 2, respectively. In addition, the very strong, characteristic band corresponding to ν(V=O) vibration can be observed at 931 cm −1 for 1 and 925 cm −1 for 2, as well as in Raman spectrum.
Introduction
There are more than 6900 structures containing copper and imidazole in the Cambridge Structural Database (CCDC, April 2019) [1] , and among those, 36 structures contain simultaneously vanadium. Omitting vanadium(IV) and mixed valence vanadium(IV)-vanadium(V) compounds, seventeen compounds remain that incorporate only vanadium(V). Most of these are composed of the oxovanadate ion V 4 O 12 4− or (VO 3 ) n n− chain and a copper complex with substituted imidazoles as ligands [1] . Only three compounds contain unsubstituted imidazole (im = imidazole), namely enantiomers {[Λ-Cu(en)(im) 2 ][VO 3 ] 2 } n and {[Δ-Cu(en)(im) 2 ][VO 3 ] 2 } n [2] and [Cu(im) 4 ] 2 (V 4 O 12 ) [3] . There are only two compounds where an organic ligand is bound both to vanadium and copper atom: [{VO(O 2 ) 2 (im)} 2 {µ-Cu(im) 4 }] [4] and {Cu(im) 4 [(VO 2 F 2 (py)] 2 } (py = pyridine) [5] . Both compounds described in this paper belong to this last group of rare compounds.
[Cu(im) 4 (V 2 O 4 (mand) 2 ] n (1) and [Cu(im) 4 (V 2 O 4 ((S)mand) 2 )] n ·2nH 2 O (2) (mand = mandelato(2-) ligand) were prepared as a part of our continual research on heterometallic transition metal-vanadium compounds with potential applications in asymmetric catalysis or development of new anode materials for batteries [4, [6] [7] [8] [9] . Herein, we discuss the unexpected polymeric structures of 1 and 2 that differ significantly from the heretofore characterized, mostly chiral, compounds.
Experimental

Synthesis and Characterization
Materials and Methods
Chemicals and solvents were obtained from commercial sources: H 2 O 2 (35%, p. a., Centralchem), CuCl 2 ·2H 2 O (p. a., Lachema), KBr (for IR spectra, Lachema), imidazole (p. a., Lachema), rac-mandelic acid (for synth., Merck), (S)mandelic acid (99% +, Acros Organics), dimethyl sulfoxide (DMSO, p. a., Penta), acetonitrile (99.5%, Centralchem). NH 4 VO 3 (purum, Lachema) was purified according to [9] .
Elemental analyses C,H,N were determined on a Vario MIKRO cube (Elementar). Vanadium was determined using ICP-MS (Perkin-Elmer Sciex Elan 6000) and copper was determined using F-AAS (Perkin Elmer 1100). Infrared spectra in KBr discs or spectra using the ATR technique were recorded on a Nicolet FTIR 6700 spectrometer. The Raman spectrum was recorded on the same instrument equipped with Nicolet NXR FT-Raman module (λ = 976 nm) and InGaAs detector.
Synthesis of [Cu(im) 4 (V 2 O 4 (mand) 2 )] (1)
NH 4 VO 3 (0.233 g, 2 mmol) was dissolved in water (15 cm 3 ) and H 2 O 2 (35%, 0.2 cm 3 ) and rac-H 2 mand (0.305 g, 2 mmol) was added. To the red solution obtained, the solution of CuCl 2 ·2H 2 O (0.171 g, 1 mmol) and imidazole (0.409 g, 6 mmol) in acetonitrile (20 cm 3 ) and water (10 cm 3 ) was added under continuous stirring. The yellow precipitate was filtered off and the resulting dark filtrate was allowed to crystallize at 5 °C. Small green crystals were isolated after 48 h. Compound 1 is partially soluble in DMSO and insoluble in water, ethanol, acetonitrile.
Anal 
Structure Determination Procedures
Single-crystal X-ray diffraction data were collected using a Bruker VENTURE diffractometer and MoK α primary radiation (λ = 0.71073 nm) at 120 K. Absorption correction was applied using SADABS [10] . The phase problem was solved with intrinsic phasing using SHELXT [11] and structure models were refined with SHELXL 2018 [12] . All non-hydrogen atoms were refined anisotropically, while all hydrogen atoms isotropically. Hydrogen atoms on carbon atoms were placed at idealized positions and hydrogen atoms on nitrogen atoms were refined with no restraints. The final structure models have been deposited with the Cambridge Crystallographic Data Centre (CCCDC) under deposition numbers 1922300 for 1 and 1922301 for 2. These data can be obtained free of charge under https ://www.ccdc.cam. ac.uk/struc tures /.
Results and Discussion
Synthesis
Crystals of 1 and 2 were obtained by crystallization from the NH 4 VO 3 -rac-mandelic acid/S-mandelic acid-
solutions. Hydrogen peroxide prevented the reduction of vanadium(V) by mandelic acid, but it did not enter the final products. The bicomponent solvent H 2 O-CH 3 CN allowed the reaction of the initial reactants in a solution; and subsequently, acetonitrile acted as a precipitant enabling crystallization of the products. Table 1 summarizes crystal structure data and refinement details for compounds 1 and 2. While compound 1 contains both enantiomers of the mandelic acid and thus crystallizes in the centrosymmetric crystal system P−1, compound 2 crystallizes in the non-enantiogenic Sohncke group P2 1 because its polymeric chain is constructed from the (S)mand ligand only. The two compounds do not differ in the coordination fashion of the central atoms of vanadium(V) and copper(II) ( Fig. 1 ). In both cases, each vanadium atom is coordinated by two terminal oxido ligands, one oxygen atom coming from the carboxylate anion and two oxygen atoms that originate in the hydroxyl group of the mandelic acid. These oxygen atoms act as bridging ligands between two vanadium atoms of the {V 2 O 4 (mand) 2 } 2− fragment. The copper(II) central atom is coordinated by four nitrogen atoms of the imidazole ligands in the tetragonal plane. The apical positions are occupied by oxido ligands of the {V 2 O 4 ((S)-mand) 2 } 2− fragment forming an infinite polymeric 1D chain. The oxido ligands coordinated to the Cu(II) centers are always in the trans position. Table 2 summarizes bond lengths and angles found in 1 and 2. The Cu1-O1 bond length in 1 is 2.4095(12) Å. In compound 2 there are two different weaker Cu-O bonds: Cu1-O10 2.455 Å and Cu1-O1 2.541 Å. Slightly different coordination of the {V 2 O 4 (mand) 2 } 2− fragments to Cu(II) central atoms in 1 and 2 manifests itself also in different colors of the two compounds (violet vs. green).
Crystal Structure
In contradiction to the configuration of the coordinating terminal V=O groups, the phenyl residues of the mandelato ligands exhibit different orientation in each compound. In the centrosymmetric anion [V 2 O 4 (rac-mand) 2 ] 2− in 1, both enantiomers of the mandelic acid are present in the same dinuclear vanadium anion. As a result, the two individual ligands (R)-and (S)-mand are coupled by a center of symmetry and therefore the phenyl residues exhibit trans configuration. On the other hand, [V 2 O 4 ((S)-mand) 2 ] 2− in 2 does not lie on the center of symmetry and contains only one enantiomer of the mandelato ligand. This results in the configuration of the phenyl residues cis; a process that is also accompanied by overall decrease in symmetry of the central {V 2 C 4 O 10 } core of the anion.
The adjacent polymeric chains in 1 interact through hydrogen bonds formed between the protonated nitrogen atoms of the imidazole rings and oxygen atoms O1 and O4 (8) coming from the oxido and carboxylato ligands incorporated in the core of the [V 2 O 4 (mand) 2 ] 2− anion. There are no significant π-π interactions between the aromatic rings. Similar hydrogen bonding network can be found in 2; in addition, in one position a water molecule is present interacting with two nitrogen atoms of the imidazole rings and two oxygen atoms O5 of the carboxylate ligand. The propagation of the adjacent polymers along the crystallographic axis c in 1 is displayed in Fig. 2 .
Spectroscopic Data Discussion
Infrared Spectra
The FT-IR spectra of both 1 and 2 (Figs. 3, 4 ) exhibit a complicated pattern due to the presence of organic ligands. Nevertheless, some characteristic bands can be assigned. Thus, stretching vibrations ν(N-H) can be observed in the 3208-3316 cm −1 interval and ν(C-H) occurred between 3128 and 3175 cm −1 and 2846-3064 cm −1 for imidazole and mandelato ligand, respectively ( Table 3 ). The O-H stretches of the water of crystallization for the compound 2 appear at 3615, 3571 and 3493 cm −1 . The strong bands corresponding to the vibrations of carboxyl groups can be observed around 1650 and at 1344 cm −1 , and the very strong band assignable to the coupled ν(CN), ν(CC) and δ(CCH) mode of imidazole [13] appears at 1072 cm −1 . The stretching vibration of deprotonated hydroxyl group ν(C-O h ) in the mandelato ligand occurs at 1045 and 1065 cm −1 for 1 and 2, respectively. The very strong, characteristic band corresponding to ν(V=O) vibration can be observed at 931 cm −1 for 1 and 925 cm −1 for 2. This band is of extreme intensity in the Raman spectrum of 1 (Fig. S1 ). 
